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ABSTRACT 

Th i s  document s p e c i f i e s  t h e  so f tware  r equ i r ed  t o  automate a cand ida te  

experiment f o r  t h e  NASA Manned Space S t a t i o n .  I n  a d d i t i o n ,  s p e c i f i c a t i o n s  

are presented  f o r  ground-based s imula t ion  sof tware  t o  perform s e l e c t e d  

experiment ope ra t ions .  

NAS8-25471 f o r  t h e  Computation Laboratory of t h e  George C.  Marsha l l  Space 

F l i g h t  Center ,  Hun t sv i l l e ,  Alabama, 

This  work w a s  performed under c o n t r a c t  number 
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SECTION 1. INTRODUCTION 

T h i s  r e p o r t  i s  t h e  f i r s t  of two produced during Phase B of NASA s tudy  

c o n t r a c t  

and Data P rocess ing  Experiment Subsystems." 

SDC document TM-(L)-HU-O33/000/00, "Experiment 

Requirements S p e c i f i c a t i o n  Report," da t ed  15 May 1970. 

NAS8-25471, "Analysis of t h e  Requirements f o r  Computer Con t ro l  

Phase A w a s  r epor t ed  on i n  

Cont ro l  and Data Process ing  

Because of the d u a l  n a t u r e  of t h e  Phase B e f f o r t ,  the  a c t i v i t y  has  been 

documented i n  two s e p a r a t e  r e p o r t s .  

X-ray Po la r ime te r  Experiment (FPE 5 .1) .  A second r e p o r t ,  SDC document 

TM-(L)-HU-O33/002/00, s p e c i f i e s  d a t a  process ing  and c o n t r o l  requirements f o r  

an  a d d i t i o n a l  Space S t a t i o n  experiment,  X-ray Imaging S o l a r  Telescope Experi- 

ment (FPE 5 . 3 A ) .  

Corpora t ion ' s  H u n t s v i l l e  Space P r o j e c t s  s t a f f .  

T h i s  r e p o r t  s p e c i f i e s  so f tware  f o r  t h e  

Both r e p o r t s  w e r e  p repared  by t h e  System Development 

This  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  requirements f o r  perfonnance and des ign  

o f  a set of computer programs t o  automate an  X-ray Po la r ime te r  Experiment. 

The experiment w a s  de f ined  du r ing  Phase A of t h i s  s tudy .  This s p e c i f i c a t i o n  

i s  p resen ted  i n  t h r e e  p a r t s :  

1) Func t iona l  s p e c i f i c a t i o n s  f o r  so f tware  t o  automate t h e  spaceborne 

experiment;  

2) De ta i l ed  s p e c i f i c a t i o n s  f o r  so f tware  t o  p rocess  primary experiment 

d a t a  i n  a ground-based environment; and 

3)  D e t a i l e d  s p e c i f i c a t i o n s  f o r  so f tware  t o  s i m u l a t e  t h e  ou tpu t  of t h e  

primary experiment i n s t rumen t s .  
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SECTION 2 .  FUNCTIONAL SPECIFICATIONS FOR SPACEBORNE SOFTWARE 

Th i s  p a r t  of t h e  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  minimum c a p a b i l i t i e s  of  

t h e  on-board so f tware  t o  automate t h e  X-ray Po la r ime te r  Experiment (FPE 5 .1) .  

These s p e c i f i c a t i o n s  are based on so f tware  requirements p re sen ted  i n  SDC 

document TM-(L)-HU-033/000/00. 

To e s t a b l i s h  t h e  o p e r a t i o n a l  environment f o r  t h e  spaceborne so f tware ,  b a s i c  

assumptions w e r e  made r ega rd ing  the on-board computer c a p a b i l i t i e s .  The 

experiment subsystem w i l l  i nc lude :  

A central  p rocesso r  capable  of c o n t r o l l i n g  m u l t i p l e  experiments.  

A l a r g e  high-speed memory f o r  program and c u r r e n t  d a t a  s t o r a g e .  

A very  l a r g e  b u l k  d a t a  s t o r e  f o r  temporary s t o r a g e  of experiment d a t a .  

Massive wr i te -only  s t o r a g e  f o r  permanent d a t a  r eco rds .  

O 

O 

A high-speed I / O .  

Experimenter t e r m i n a l s  f o r  bo th  i n p u t  and ou tpu t .  

I n t e r f a c e  c a p a b i l i t y  w i t h  o t h e r  subsystems such as Guidance, Navigation 

and Cont ro l ,  Communication, e t c .  

The purpose of t h i s  s e c t i o n  i s  t o  provide  t h e  background t o ,  and an understanding 

o f ,  t h e  so f tware  that w i l l  be  s imula ted  i n  a ground-based environment--the 

s p e c i f i c a t i o n s  of which are p resen ted  i n  Sec t ions  3 and 4 .  

2.1 Major Module Requirements 

F igure  2-1 p r e s e n t s  t h e  major modules r e q u i r e d  t o  automate t h e  X-ray P o l a r i -  

meter Experiment. Func t iona l  requirements f o r  each module were p resen ted  i n  SDC 

do.cument TM-(L)-HU-O33/000/00. The requirements s p e c i f i e d  f o r  t h e  experiment,  

which would comprise a s u b s e t  of t h e  o v e r a l l  so f tware  requirements f o r  a 

Space S t a t i o n  Experiment Subsystem, are summarized i n  Sec t ions  2.1.1 through 

2.1.13. of t h i s  r e p o r t .  I n  a d d i t i o n ,  i n  o rde r  t o  m e e t  a l l  t h e  requirements 

of t h e  experiment,  i t  i s  necessary  t o  u t i l i z e  t h e  resources  of o t h e r  on-board 

subsystems. Sec t ions  2.2 through 2.4 p r e s e n t  a d i s c u s s i o n  of t h e  cons ide ra t ions  

involved i n  t h e  X-ray Po la r ime te r  Experiment's i n t e r a c t i o n  wi th  o t h e r  subsystems, 

t h e  Experiment Executive,  and w i t h  t h e  man-machine i n t e r f a c e .  
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2.1 .1  Module N a m e :  Experiment Execut ive 

2.1.1.1 Abs t r ac t :  The Experiment Execut ive performs t h e  o v e r a l l  c o n t r o l  

of t h e  experiment and serves as t h e  b u f f e r  between t h e  o p e r a t i o n a l  experiment 

modules and t h e  Experiment Subsystem. 

2.1.1.2 Major Funct ions:  I 

Maintenance of experiment s t a t u s  informat ion .  

I n t e r f a c e  w i t h  t h e  Experiment Subsystem Execut ive which performs 

schedul ing ,  r e source  a l l o c a t i o n  and c o n t r o l  func t ions  f o r  m u l t i p l e  

experiments .  

O Trans fe r  o f  experiment d a t a  and parameters  between t h e  experiment 

modules. 

O C a l l i n g  experiment modules. 

O Process ing  of i n t e r r u p t s .  

2.1.2 Module Name:  Parameter  Input  

2 .1 .2 .1  Abs t r ac t :  

parameters .  

The Parameter Input  module loads  and e d i t s  a l l  experiment 

2.1.2.2 Major Funct ions:  

O Inpu t  of  experiment parameters  inc luding  t a r g e t  l ist ,  secondary 

ins t rument  l i s t ,  e tc .  

O Edi t ing  of d a t a  f o r  format and t o l e r a n c e s .  

Updating parameters  by i n t e r a c t i v e  communication wi th  experimenter .  

Formatting and s t o r i n g  parameters  i n  t a b l e  format .  
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2.1.3 Module N a m e :  C a l i b r a t i o n  

2.1.3.1 Abs t r ac t :  The C a l i b r a t i o n  module performs t h e  c a l i b r a t i o n  of t h e  

astronomy module t e l eme t ry .  

2.1.3.2 Major Funct ions:  

O I n i t i a t i o n  and c o n t r o l  of t h e  c a l i b r a t i o n  f u n c t i o n  gene ra to r  t o  

s t e p  through t h e  c a l i b r a t i o n  sequence. 

Reading t h e  output  of  t h e  f u n c t i o n  g e n e r a t o r ,  

O Comparison of  t h e  output  of t h e  f u n c t i o n  gene ra to r  a g a i n s t  a 

s t anda rd .  

O S t o r i n g  t h e  c a l i b r a t i o n  curve f o r  measurement ad jus tments .  

' Display of  out-of- tolerance condi t3ons.  

2.1.4 Module N a m e :  Experiment I n i t i a l i z a t i o n  

2.1.4.1 Abs t r ac t :  The Experiment I n i t i a l i z a t i o n  module t u r n s  on and p o s i t i o n s  

appropr i a t e  experiment appa ra tus  p r i o r  t o  experiment execut ion .  

2.1.4.2 Major Funct ions:  

O Contro l  of t h e  automatic  power-up procedure f o r  t h e  t e l e s c o p e ,  

t h e  po la r ime te r  and a s soc ia t ed  ins t ruments .  

O Acqu i s i t i on  of equipment s t a tus  informat ion  through t h e  astronomy 

module t e l eme t ry  system. 

Maintenance of t h e  equipment s t a t u s  t a b l e  t o  i n d i c a t e  t h e  c u r r e n t  

s t a t u s  of  a l l  experiment appara tus .  

O Contro l  of t h e  ins t rument  t u r r e t  t o  p o s i t i o n  t h e  po la r ime te r  a t  t h e  

f o c a l  p o i n t  of t h e  t e l e scope .  

2.1.5 Module N a m e :  Checkout 

2.1.5.1 Abs t r ac t :  The Checkout module performs t h e  au tomat ic  checkout of t h e  

experiment appara tus  t o  determine i t s  o p e r a t i o n a l  s t a t u s .  
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Contro l  of t h e  checkout sequence, 

Direct d i g i t a l  c o n t r o l  of t h e  checkout ins t ruments .  

Acqu i s i t i on  of checkout d a t a .  

Comparison of checkout d a t a  v a l u e s  a g a i n s t  p r e s p e c i f i e d  s t anda rds .  

Display of out-of- tolerance measurements a t  t h e  experimenter  te rmina l .  

I n i t i a t i o n  of c o r r e c t i v e  a c t i o n  t o  b r ing  measurement w i t h i n  t o l e r a n c e .  

Recheck s p e c i f i c  measurements on demand and d i sp lay  r e s u l t s  a t  t h e  

experimenter  t e rmina l .  

2.1.6 Module Name:  Targe t  Acqu i s i t i on  

2.1.6.1 Abs t r ac t :  The Targe t  Acqu i s i t i on  module perfsorms t h e  automatic  

a c q u i s i t i o n  and t r ack ing  of celestial  X-ray o b j e c t s .  

2.1.6.2 Major Funct ions:  

Transformation of s t anda rd  c e l e s t i a l  po in t ing  coordinates--r ight  

a scens ion  and dec l ina t ion- - in to  space  r e fe rence  coord ina te s .  

I n t e r f a c e  w i t h  t h e  Guidance, Navigat ion and Control  Subsystem t o  

provide  po in t ing  and t r ack ing  commands t o  t h e  astronomy module. 

V e r i f i c a t i o n  of t a r g e t  a c q u i s i t i o n  through t h e  aspec t - /d i sp lay  system, O 

I n t e r a c t i o n  wi th  t h e  on-board experimenter  inexuding t h e  d i s p l a y  of 

p o i n t i n g  informat ion  and process ing  of " f i n e  tnning" commands t o  

update  t h e  master t a r g e t  t a b l e .  

C a l c u l a t i o n  of a r ev i sed  t a r g e t  sequence i f  the p r e s p e c i f i e d  schedule  

cannot be  followed due t o  anomalies o r  manual i n t e r v e n t i o n .  

2.1.7 Module N a m e :  Primary Instrument  Control  

2 .1 .7 .1  Abs t r ac t :  The Primary Instrument  Control  modale performs the  d i r e c t  

d i g i t a l  c o n t r o l  of  a l l  primary ins t ruments .  
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2.1.7.2 Maj o r  Funct ions  : 

O Contro l  t h e  po la r ime te r  t a b l e  r o t a t i o n  by s tepping  the t a b l e  t o  a 

d e s i r e d  p o s i t i o n  based on a p r e s e l e c t e d  mode of ope ra t ion .  

O Open and c l o s e  t h e  t e l e scope  a p e r t u r e  d i s c  t o  c o n t r o l  t h e  X-ray 

i n t e n s i t y  a t  t h e  t e l e scope  f o c a l  p o i n t .  

O Reset a l l  scalers, b u f f e r s  and r e g i s t e r s  a s s o c i a t e d  wi th  t h e  beam, 

d a t a  and an t i -co inc idence  counters .  

O Veri fy  proper  c o n t r o l  through instrument  feedback. 

2 .1 .8  Module N a m e :  Primary Data Acqu i s i t i on  

2.1.8.1 Abs t r ac t :  

po la r ime te r  and a s s o c i a t e d  equipment. 

The Primary Data Acqu i s i t i on  module acqu i r e s  d a t a  from t h e  

2.1.8.2 Major Funct ions:  

O Noni tor ing  t h e  scaler overflow senso r  t o  d e t e c t  very high d a t a  rates. 

O Read t h e  output  of d a t a ,  beam and an t i -co inc idence  scalers on a 

p e r i o d i c  and i n t e r r u p t  b a s i s .  

O Read t h e  output  of  t h e  p u l s a r  mode counter  every "q" mil l i s econds  

where I-I = b u f f e r  s i z e .  

I d e n t i f y  and temporar i ly  s t o r e  a l l  d a t a  f o r  la ter  a n a l y s i s .  

2.1.9 Module Name:  Primary Data Analysis  

2 .1 .9 .1  Abs t r ac t :  The Primary Data Analys is  module performs t h e  a n a l y s i s  

and r educ t ion  of t h e  primary polar imeter  d a t a .  

2.'1.9.2 Major Funct ions:  

Maintenance gf cumulative t o t a l s  of s c a l e r  d a t a  and exposure t ine 

f o r  each o b j e c t  observed. 

Analys is  of p u l s a r  s t r i n g  d a t a  t o  d e t e c t  p u l s a r s  and determine 

p u l s a t i o n  frequency . 
Sto rage  and d i s p l a y  of  analyzed d a t a .  
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2.1.10 Module N a m e :  Secondary Data Acqu i s i t i on  

2.1.10.1 Abs t r ac t :  The Secondary Data Acqu i s i t i on  module moni tors  t h e  suppor t  

ins t ruments  a s s o c i a t e d  wi th  t h e  po la r ime te r ,  t h e  t e l e scope  and t h e  astronomy 

module. 

2.1.10.2 Major Funct ions:  

Read the output  of t h e  secondary ins t ruments  through t h e  astronomy 

module t e l eme t ry  system. 

O Comparison of d a t a  va lues  a g a i n s t  p r e s p e c i f i e d  t o l e r a n c e s  t o  e s t a b l i s h  

GO/NOGO cond i t ion .  

E l imina t ion  of i n - to l e rance  va lues  t o  s i g n i f i c a n t l y  reduce s t o r a g e  

requirements .  

Genera t ion  of alarms t o  alert  t h e  on-board experimenter  of out-of- 

t o l e r a n c e  measurements. 

O I n i t i a t i o n  of emergency rou t ines  t o  perform c o r r e c t i v e  a c t i o n .  

2.1.11 Module Name:  Secondary Data Reduction 

2 .1 .11 .1  Abs t r ac t :  The Secondary Data Reduction module reduces t h e  volume 

of d a t a  genera ted  by t h e  secondary ins t ruments .  

2.1.11.2 M a  j o r  Funct ions : 

El imina t ion  of redundant d a t a  through use  of polynomial p r e d i c t o r  

and i n t e r p o l a t o r  a lgor i thms.  

Reduction of d a t a  by format conversion.  

2.1.12 Module N a m e :  Data S to rage  and Transmission 

2 . 1 . 1 2 . 1  Abs t r ac t :  The Data S to rage  and Transmission module c o n t r o l s  t h e  

s t o r a g e  and t ransmiss ion  of all experiment genera ted  d a t a .  
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2.1.12.2 Major Funct ions:  

O Sto rage  of primary d a t a  on r e t r i e v a b l e  mass s to rage .  

O Sto rage  of secondary d a t a  on wri te-only s t o r a g e  

a n a l y s i s  

media f o r  ground 

O Formatt ing of primary d a t a  f o r  t ransmiss ion  t o  the ground by t h e  

Communication Subsystem. 

2.1.13 Module N a m e :  Automatic Power-Down 

2.1.13.1 Abs t r ac t :  The Automatic Power-Down module performs t h e  sequence of 

ope ra t ions  necessary  t o  remove power from t h e  t e l e scope ,  po la r ime te r  and 

a s s o c i a t e d  equipment, 

2 . 1  13.2 Major Funct ions : 

O Contro l  of t h e  au tomat ic  power-down procedure f o r  t h e  t e l e scope ,  

t h e  po la r ime te r  and a s s o c i a t e d  ins t ruments .  

Acqu i s i t i on  of equipment s t a t u s  informat ion  through t h e  astronomy 

module te lemet ry  system. 

Updating t h e  equipment s t a t u s  t a b l e  t o  i n d i c a t e  t h e  c u r r e n t  s t a t u s  

of t h e  in s t rumen t s .  

2.2 I n t e r f a c e  w i t h  Other Subsystems 

Figure  2-2 p r e s e n t s  t h e  i n t e r f a c e  between t h e  X-ray Polar imeter  Experiment and 

o t h e r  Space S t a t i o n  subsystems. 

2 .2 .1  Guidance, Navigat ion and Cont ro l  Subsystem I n t e r f a c e  

I n t e r f a c e  w i t h  t h e  Guidance, Navigat ion and Cont ro l  (GN&C) Subsystem i s  r equ i r ed  

t o  p o i n t  t h e  astronomy module housed t e l e scope  a t  t a r g e t s  of i n t e r e s t .  Commands 

from t h e  Experiment Subsystem t o  t h e  GN&C Subsystem w i l l  i nc lude  t h e  p o s i t i o n  

of t h e  t a r g e t  of i n t e r e s t ,  t h e  t i m e  t o  a c q u i r e  t h e  t a r g e t  and t h e  l e n g t h  of 
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t i m e  t o  t r a c k  t h e  t a r g e t .  

GN&C Subsystem i n  s t a n d a r d  celestial  coordinates--r ight  ascens ion  and d e c l i n a t i o n .  

These coord ina tes  w i l l  b e  transformed t o  t h e  space  r e f e r e n c e  coord ina te  system 

by t h e  GN&C t o  p rov ide  i n i t i a l  po in t ing  commands t o  t h e  astronomy module. 

N o t i f i c a t i o n  of t a r g e t  a c q u i s i t i o n  w i l l  b e  t r a n s f e r r e d  by t h e  GN&C Subsystem 

t o  t h e  Experiment Subsystem and t h e  GN&C Subsystem w i l l  main ta in  t h e  t a r g e t  f o r  

the t i m e  s p e c i f i e d .  

Targe t  p o s i t i o n  d a t a  w i l l  be  t r a n s f e r r e d  t o  t h e  

2.2.2 Communication Subsystem I n t e r f a c e  

The Communication Subsystem c o n t r o l s  and schedules  a l l  d i g i t a l  and analog 

d a t a  t ransmiss ion  between t h e  v a r i o u s  components of t h e  Space S t a t i o n  complex. 

Th i s  i nc ludes  up- and down-link t ransmiss ion  between t h e  s t a t i o n  and ground, 

inter-communication between s t a t i o n  subsystems, and communication between t h e  

s t a t i o n  and t h e  f r e e - f l y i n g  modules. 

S p e c i f i c  communication requirements  between t h e  X-ray Polar imeter  Experiment 

and t h e  Communications Subsystem inc ludes :  

Transmission of commands t o  t h e  t e l e scope  and t h e  po la r ime te r .  

O Transmission of primary polar imeter  d a t a  and support  ins t rument  

d a t a  from t h e  f r e e - f l y i n g  module. 

O On demand t ransmiss ion  of experiment d a t a  t o  t h e  ground. 

2.3 Execut ive I n t e r f a c e  

Execut ion of m u l t i p l e  experiments i n  a t i m e  sha r ing  mode of ope ra t ion  on a 

s i n g l e  computer system r e q u i r e s  t h e  sys t ema t i c  c o n t r o l  of an  execu t ive  system. 

Funct ions of t h e  Experiment Subsystem Execut ive inc lude :  

Scheduling program execut ion  i n  a t ime-sharing environment. 

t o  t h e  real-time n a t u r e  of t h i s  experiment,  and most o t h e r  space- 

borne experiments ,  t h e  schedul ing  of t h e  v a r i o u s  experiment t a s k s  

i s  c r i t i ca l .  The schedul ing  a lgor i thm of t h e  Experiment Subsystem 

Execut ive must base  program execut ion  on cons ide ra t ions  o t h e r  than  

t h e  s t anda rd  f a c t o r s  of p r i o r i t y ,  congruency and d a t a  t r a n s f e r  

de l ay .  The primary cons ide ra t ion  i s  t i m e .  The m a j o r i t y  of t h e  

experiment t a s k s  are a f u n c t i o n  of t i m e ,  e .g . ,  power must be 

Due 
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app l i ed  t o  component B after "q" seconds of a p p l i c a t i o n  of power t o  

component A ,  This  r e q u i r e s  a look-ahead schedul ing a lgor i thm w i t h i n  

t h e  Experiment Subsystem Execut ive which is capable  of schedul ing a l l  

experiments  and experiment t a s k s  w i t h i n  a framework of t i m e  c o n s t r a i n t s .  

Therefore ,  the execu t ive  must have access t o  each experiment 's  

schedul ing  parameters  t o  coord ina te  t h e  execut ion  of t h e  X-ray 

Po la r ime te r  Experiment modules wi th  o t h e r  experiment modules. 

a Program and d a t a  swapping. Due t o  l i m i t a t i o n s  i n  main s t o r a g e  

c a p a c i t y ,  i t  i s  l i k e l y  that  t h e  programs and/or  d a t a  w i l l  have t o  

b e  swapped ou t  of main s t o r a g e  t o  a l low execut ion  of o t h e r  experiments .  

A s  i n  t h e  case of t h e  schedule  c o n t r o l  f u n c t i o n  of t h e  execu t ive ,  t h e  

swapper" must have knowledge of experiment t iming c o n s t r a i n t s ,  11 

i . e . ,  program o r  d a t a  segments cannot be  swapped ou t  of  main memory 

i f  t h e  t i m e  r equ i r ed  t o  perform t h e  t r a n s f e r  is  g r e a t e r  than  t h e  

t i m e  which w i l l  e l a p s e  be fo re  t h e  program o r  d a t a  segment is needed, 

Process ing  of e x t e r n a l  i n t e r r u p t s .  Since t h e  na tu re  of experimentat ion 

sugges t s  t h a t  unexpected events  w i l l  occur ,  o r  t h a t  expected even t s  

w i l l  occur  a t  unexpected t i m e s ,  i t  is  necessary  t o  make p rov i s ions  f o r  

such  occurrences  wi thout  cons tan t  monitor ing.  Such a cond i t ion  is  

i n d i c a t e d  by an e x t e r n a l  i n t e r r u p t  which i s  processed by t h e  I n t e r r u p t  

Handler program of t h e  Experiment Subsystem Execut ive.  It i s  t h e  

f u n c t i o n  of t h e  I n t e r r u p t  Handler program t o  i n i t i a t e  t h e  c a l l i n g  up 

of t h e  r equ i r ed  programs t o  handle  t h e  s i t u a t i o n  which genera ted  t h e  

i n t e r r u p t .  Ex te rna l  i n t e r r u p t s  are genera ted  by t h e  X-ray po la r ime te r  

t o  i n d i c a t e  an  overflow of one o r  more of t h e  d a t a ,  beam o r  a n t i -  

co inc idence  counters .  

Other  execu t ive  func t ions  t h a t  m u s t  be considered but  which do not  

i n t e r a c t  d i r e c t l y  w i t h  t h e  X-ray Polar imeter  Experiment i nc lude  

(1) t h e  a l l o c a t i o n  of resources  t o  ope ra t ing  programs, (2) main- 

tenance of c o n t r o l  t a b l e s ,  d a t a  ca ta logues ,  program ca ta logues  and 

p r i o r i t y  lists and (3) bookkeeping func t ions .  
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2.4 Man-Machine I n t e r f a c e  

The n a t u r e  of exper imenta t ion  sugges t s  a changing environment and t h e  occurrence 

of unexpected even t s .  I f  t h i s  were no t  t h e  case, experimenters  would remain 

earth-bound and only  unmanned s p a c e c r a f t  would be o r b i t e d  t o  conduct experiments 

i n  a n  predetermined , automat ic  mode. 

h i s  a b i l i t y  t o  react, t o  pe rce ive  and to  modify. To perform t h e s e  func t ions ,  

t h e  on-board experimenter  must i n t e r a c t  w i t h  h i s  experiment.  S ince  t h e  

experiments are designed t o  b e  c o n t r o l l e d  and monitored by computer, t h e  

l o g i c a l  ex tens ion  i s  t o  provide  a d i r e c t  means of i n t e r a c t i o n  u t i l i z i n g  t h e  

a v a i l a b l e  computer f acilities--a man-machine i n t e r f a c e .  

The va lue  of the on-board experimenter  i s  

2.4.1 Hardware 

The minimum man-machine i n t e r f a c e  hardware r equ i r ed  f o r  t h e  X-ray Polar imeter  

c o n s i s t s  of a keyboard i n p u t  device  and a CRT. 

The keyboard inpu t  device  i s  used p r i m a r i l y  f o r  i n t e r a c t i v e  d i a l o g  between 

t h e  on-board experimenter  On-line changes can be  

made t o  t h e  experiment schedule ,  h i s t o r i c a l  d a t a  can be  r e t r i e v e d ,  po in t ing  

and t h e  computer system. 

and t r ack ing  comiands can be  inpu t  on a real-time b a s i s  t o  perform unscheduled 

obse rva t ions ,  emergency r o u t i n e s  can be  i n i t i a t e d ,  e t c . ,  a l l  under c o n t r o l  of 

t h e  i n t e r a c t i v e  d i a l o g  system. 

The CRT s e r v e s  p r i m a r i l y  t o  d i s p l a y  primary experiment d a t a  i n  g r a p h i c a l  format .  

P o l a r  coord ina te  p l o t s  of t h e  p o l a r i z a t i o n  of X-ray sources  and frequency p l o t s  

o f ' p u l s a t i o n  a c t i v i t y  are d i sp layed  on t h e  CRT. 

ou tput  device  i n  i n t e r a c t i v e  d i a l o g  between the  pn-board experimenter  and t h e  

computer; i t  i s  used t o  d i s p l a y  out-of- tolerance measurements dur ing  checkout,  

c a l i b r a t l o n  and monitor ing ope ra t ions ;  and i t  se rves  as t h e  d i s p l a y  device  f o r  

t h e  a spec t  system t o  v e r i f y  t a r g e t  a c q u i s i t i o n .  

The CRT i s  a l s o  used as t h e  

2.4.2 Language 

An i n t e r a c t i v e  language should s e r v e  as a b r idge  between t h e  on-board experimenter  

and t h e  X-ray Po la r ime te r  Experiment. 

menter  i n  i n i t i a t i n g  experiment t a s k s ,  i n  c o n t r o l l i n g  and monitor ing h i s  experiment 

This  language should assist t h e  experi-  
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ins t ruments ,  i n  performing updates  t o  h i s  experiment d a t a  base ,  i n  acqu i r ing  

experiment s t a t u s  i n f o m a t i o n ,  i n  r e t r i e v i n g  h i s t o r i c a l  experiment d a t a  and i n  

ana lyz ing  h i s  d a t a .  

f o r e ,  a u n i v e r s a l  exper imenter ' s  i n t e r a c t i v e  language should b e  cons idered .  

Many of t h e  r equ i r ed  elements  of such a language are c u r r e n t l y  i n  wide u s e  i n  

e x i s t i n g  i n t e r a c t i v e  d a t a  management and management informat ion  systems. 

These f u n c t i o n s  are common t o  most a l l  experiments;  there-  

Examples of language elements  of p a r t i c u l a r  u t i l i t y  t o  t h e  on-board experimenter  

i n  c o n t r o l l i n g  and monitor ing t h e  X-ray Po la r ime te r  Experiment inc lude :  

SET - To set a d i s c r e t e  o r  analog va lue  

RESET - To reset a d i s c r e t e  o r  analog va lue  

POINT - To p o i n t  a d a t a  c o l l e c t i n g  device  at  a s p e c i f i e d  area of 

i n t e r e s t  

TRACK - To ma in ta in  a d a t a  c o l l e c t i n g  device  on an area of i n t e r e s t  

f o r  a s p e c i f i e d  pe r iod  

STEP - To move a servo-driven dev ice  t o  a s p e c i f i e d  p o s i t i o n  at 

a g iven  rate 

ACQUIRE - To r ead  t h e  output  of a d i g i t a l ,  d i s c r e t e  o r  ana log  device  

UPDATE - To modify experiment c o n t r o l  parameters 

PRINT - To output  experiment d a t a  i n  t a b u l a r  form 

PLOT - To ou tpu t  experiment d a t a  i n  g raph ic  form 

CALL - To call  preprogrammed s t a t i s t i c a l ,  mathematical ,  manipula t ive ,  e t c .  

packages t o  perform impromptu d a t a  a n a l y s i s  

2.4.3 Output 

The primary d a t a  from t h e  X-ray Po la r ime te r  

form on board t h e  Space S t a t i o n .  

c a p a b i l i t y  and al lows v i s u a l  comparisons t o  be made without making a point-by- 

p o i n t  a n a l y s i s .  

f i r s t  10 seconds of cont inuous obse rva t ion .  A po la r  m o r d i n a t e  p l o t  o f  t h e  

p o l a r i z a t i o n  of t h e  X-ray source  i s  presented  a t  t h e  end of an obse rva t ion  sequence. 

Experiment i s  p resen ted  i n  g raph ic  

The g r a p h i c  format provides  a quick obse rva t ion  

A p l o t  of t h e  p u l s a t i o n  frequency i s  Fresented  a t  t h e  end of t h e  
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The format of secondary o r  suppor t  d a t a  p r i m a r i l y  w i l l  b e  t a b l e s  and l i s t i n g s .  

L i s t s  of out-of- tolerance measurements will b e  produced by the C a l i b r a t i o n ,  

Checkout and Secondary D a t a  Acqu i s i t i on  modules. 
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SECTION 3. SPECIFICATIONS FOR SIMULATED SOFTWARE 

I n  o r d e r  t o  test  some of t h e  concepts of spaceborne so f tware  s p e c i f i e d  i n  

Sec t ion  2 f o r  the X-ray Po la r ime te r  Experiment, s e l e c t e d  modules are s p e c i f i e d  

i n  d e t a i l  f o r  implementation on a ground-based computer. Due t o  t h e  type  of 

equipment a v a i l a b l e  f o r  s imula t ion  purposes ,  only those  modules which could b e  

r e a l i s t i c a l l y  s imula ted  i n  such an environment were s e l e c t e d .  

modules d e a l  p r i m a r i l y  wi th  t h e  process ing  of d a t a  from t h e  prime experiment 

ins t ruments  r a t h e r  than  w i t h  t h e  d i r e c t  d i g i t a l  c o n t r o l  of ins t ruments  r e q u i r e d  

i n  such ope ra t ions  as c a l i b r a t i o n ,  checkout,  t a r g e t  a c q u i s i t i o n ,  e tc .  

The s e l e c t e d  

These s p e c i f i c a t i o n s  assume t h e  fo l lowing  computer c a p a b i l i t i e s :  

A CPU w i t h  a minimum of 32K core  

F l o a t i n g  p o i n t  a r i t h m e t i c  

O Card i n p u t  f o r  exper iment .cont ro1  parameters  

0 Tape i n p u t  f o r  s imula ted  X-ray po la r ime te r  d a t a  (2  t apes )  

O Off- l ine d i s p l a y  of g r a p h i c  d a t a  (SC-4020) 

3.1 Program Tables  

I n p u t ,  ou tput  and working t a b l e s  f o r  t h e  s imula ted  X-ray Po la r ime te r  

Experiment program are p resen ted  i n  t h e  fol lowing t a b l e .  

Table N a m e  S i z e  (words) Desc r ip t ion  

EVART (A,B) 10,12 Table EVART con ta ins  t h e  sou rce  

i d e n t i f i c a t i o n  d a t a  i n p u t  p r i o r  

t o  experiment s imula t ion .  Up t o  

10 sources  may be  run (A) and 10  

parameters  g iven  f o r  each source  

as fo l lows:  

1-3 I d e n t i f i c a t i o n  

4 Right  Ascension (hours)  

5 Right  ascens ion  (minutes) 
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Table  N a m e  

NS 

NP 

SPDC (A) 

POLDT (A, B , C) 

3-2 

S i z e  (words) 

1 

1 

36 

(10,36,16) 

5000 

4096 
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Desc r ip t ion  

6 Dec l ina t ion  (degrees)  

7 Dec l ina t ion  (minutes) 

8 Observat ion t i m e  

9 Beginning t a b l e  p o s i t i o n  

10 Ending t a b l e  p o s i t i o n  

11 Table  s t e p  s i z e  

1 2  Number of t a b l e  p o s i t i o n s  

Number of sources  

P l o t  f l a g  

Working s t o r a g e  t a b l e  conta in ing  

t h e  sum of t h e  po la r ime te r  counts  

at each t a b l e  p o s i t i o n  A 

Cumulative po la r ime te r  d a t a  f o r  

up t o  10 sources  (A) ,  36 t a b l e  

p o s i t i o n s  (B) and 16  measurements 

(C 1 

Contains  5 seconds of observa t ion  

t i m e  a t  1000 p e r  second 

Contains  power ampli tudes of 

p u l s a r  d a t a  
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3.2 Module S p e c i f i c a t i o n s  

F igure  3-1 p r e s e n t s  t h e  g e n e r a l  f low of t h e  s imula ted  X-ray Po la r ime te r  

Experiment. Major r o u t i n e s  inc lude :  

Parameter I n i t i a l i z a t i o n  

O Pola r ime te r  Data Acqu i s i t i on  

O Polar imeter  Data Display 

O P u l s a r  Data Acqu i s i t i on  

P u l s a r  D a t a  Ana lys i s  

O P u l s a r  Data Display 

Each major r o u t i n e  i s  desc r ibed  i n  Sec t ions  3.2.1 through 3.2.6 

3.2.1 Parameter I n i t i a l i z a t i o n  Routine 

The Parameter I n i t i a l i z a t i o n  r o u t i n e  i n p u t s  experiment c o n t r o l  v a r i a b l e s  and 

i n i t i a l i z e s  all a r r a y s  and t a b l e s .  

3.2.1.1 Inpu t :  The fo l lowing  v a r i a b l e s  are inpu t  a t  t h e  beginning of t h e  run. 

1. Number of sources  t o  b e  observed. 

2. For each source  

a. i d e n t i f i c a t i o n  (any s t r i n g  of up t o  18 cha rac t e r s )  

b .  obse rva t ion  t i m e  a t  each t a b l e  p o s i t i o n  (seconds) 

c. r i g h t  ascens ion  (hours ,  minutes) 

d .  d e c l i n a t i o n  (degrees ,  minutes)  

e. beginning t a b l e  p o s i t i o n  (degrees)  . 

f .  ending t a b l e  p o s i t i o n  (degrees)  

g .  t a b l e  s t e p  s i z e  (degrees)  

3. P l o t  f l a g  (1 = p l o t  8 levels of i n t e n s i t y  and cumulat ive,  0 = p l o t  

cumulative on ly ) .  

A maximum of 10 sources  can be inpu t  f o r  any one run. 

i n  NAMELIST format .  

Input  w i l l  be  by ca rds  
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Figure 3-1. General Flow for Simulated Experiment . 
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3.2.1.2 Process ing:  The fo l lowing  t a b l e s  must b e  c l e a r e d  p r i o r  t o  program 

execut ion  : 

POLDT 

PULDT 

Inpu t  va lues  f o r  each X-ray source  are s t o r e d  i n  a r r a y  EVART. 

t a b l e  p o s i t i o n s  i s  c a l c u l a t e d  as 

The number of 

End t a b l e  p o s i t i o n  - Begin t a b l e  p o s i t i o n  
Table  s t e p  s i z e  EVART (n, 12)  = 

3.2.1.3 Output:  A l l  v a r i a b l e s  are s t o r e d  i n  t h e  Experiment Var i ab le  Table  

(EVART). See F igu re  3-2. 

3.2.2 Po la r ime te r  Data Acqu i s i t i on  Routine 

The Polar imeter  Data Acqu i s i t i on  Routine acqu i r e s  po la r ime te r  d a t a  from t h e  

s imula ted  Polar imeter  Data t a p e  (see Sec t ion  4 ) ,  e d i t s  t h e  d a t a  and main ta ins  

cumulat ive t o t a l s  of a l l  s c a l e r  o u t p u t s .  

3 .2 .2 .1  Inpu t :  

d a t a .  Data counts  and beam counts  are subdivided i n t o  8 levels of i n t e n s i t y ,  

making t h e  t o t a l  number of s c a l e r  i n p u t s  = 16. 

Inpu t  t o  t h i s  r o u t i n e  c o n s i s t s  of t h e  s imula ted  po la r ime te r  

3.2.2.2 Process ing:  Each inpu t  d a t a  va lue  is  e d i t e d  t o  s t r i p  i t  of extraneous 

d a t a  and t h e  remaining v a l u e  i s  added t o  t h e  cumulative t o t a l  i n  a r r a y  POLDT. 

See flow diagram, F igu re  3-3. 

3;2.2.3 Output:  Output w i l l  b e  t h e  cumulative scaler d a t a  i n  t h e  Polar imeter  

Data Table  (POLDT). See F igu re  3-4. 
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1 Right  Ascension (hours) 

Right Ascension (minutes) 

Dec l ina t ion  (degrees) 

Dec l ina t ion  (minutes) 

Observat ion T i m e  (seconds) 

Beginning Table  P o s i t i o n  (degrees) 

Ending Table  P o s i t i o n  (degrees)  

Table S tep  S i z e  (degrees)  

Number of Tab16 P o s i t i o n s  

F igu re  3-2. Experiment Var i ab le  Table (EVART) 
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-17777 

Add results t 
POLUT (I, J ,L) 
(J = table 

.. position) 

c 

Sys tem Development Corporation 
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[ Yes 0 Exit 

Figure 3-3. Polarimeter Data Acquisition Routine 
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counts  

> Beam counts  

F igure  3-4 Polar imeter  Data Table  (POLDT) 
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3.2.3 Po la r ime te r  Data Display Routine 

The P o l a r i m e t e r  Data Display r o u t i n e  produces g r a p h i c  p l o t s  of t h e  p o l a r i z a t i o n  

of t h e  X-ray po la r ime te r  d a t a .  

3.2.3.1 Inpu t :  

See F igu re  3-4. 

Inpu t  t o  t h i s  r o u t i n e  i s  t h e  Po la r ime te r  Data Table  ('POLDT). 

3.2.2.2 Process ing:  Required process ing  inc ludes  t h e  summation of t h e  

8 levels of i n t e n s i t y  t o  produce a p l o t  o f  t o t a l  p o l a r i z a t i o n ,  t h e  c a l c u l a t i o n  

of the degree  of p o l a r i z a t i o n  and i n t e r p o l a t i o n  t o  determine t h e  ang le  of 

maximum p o l a r i z a t i o n .  S e e  F igu re  3-5. 

3.2.3.3 Output:  P o l a r i z a t i o n  d a t a  is  presented  i n  g raph ic  form. I f  f l a g  

NP = 0, only  1 p l o t  i s  produced f o r  the sum of a l l  8 levels of i n t e n s i t y ,  I f  

f l a g  NP = 1, a p l o t  is  produced f o r  each of t h e  8 l e v e l s  of i n t e n s i t y  f o r  which 

t h e r e  i s  d a t a  p r e s e n t ,  i n  a d d i t i o n  t o  t h e  p l o t  of t h e  summed d a t a .  The legend 

f o r  each p l o t  w i l l  i nc lude  t h e  X-ray source  i d e n t i f i c a t i o n ,  degree of p o l a r i -  

z a t i o n ,  and a n g l e  of maximum p o l a r i z a t i o n .  See F igu re  3 - 6 .  

3.2.4 P u l s a r  Data Acqu i s i t i on  Routine 

The P u l s a r  D a t a  Acqu i s i t i on  Routine acqu i r e s  p u l s a r  d a t a  from t h e  Simulated 

Pu l sa r  Data t a p e  (see Sec t ion  4) and e d i t s  t h e  d a t a  f o r  f u t u r e  a n a l y s i s .  

3.2.4.1 Inpu t :  Inpu t  t o  t h i s  r o u t i n e  c o n s i s t s  of t h e  s imula ted  s t r i n g  d a t a  

from t h e  p u l s a r  mode counter .  Data i s  i n  b ina ry  form where one b i t  r e p r e s e n t s  

1 mi l l i s econd  of X-ray obse rva t ion .  I f  t h e  p u l s a r  mode counter  recorded one 

o r  more X-ray photon h i t s  dur ing  a 1 mi l l i s econd  t i m e  p e r i o d ,  a "1" is  recorded 

i n  t h e  a s s o c i a t e d  b i t  p o s i t i o n  of t h e  b i t  s t r i n g .  I f  no h i t s  are recorded,  a 
11 r 1  0 is p laced  i n  t h e  b i t  s t r i n g .  

3.2.4.2 Process ing:  

p o i n t  format  t o  f a c i l i t a t e  la ter  a n a l y s i s .  

The inpu t  s t r i n g  d a t a  i s  e d i t e d  and converted t o  f l o a t i n g  
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S t a r t  0 
I 

f 1 
Sum d a t a  counts  a t  8 l e v e l s  
of i n t e n s i t y  f o r  each table 
p o s i t i o n  (J) 

SPDC(J1 = C POLDT ( I , J ,L )  I J, , I 

C a l c u l a t e  degree  of I p o l a r i z a t i o n  

x 100 Max - Min 
Max 3- Min 

P l o t  curve and legend 

P l o t  curve  and legend f o r  
each level of i n t e n s i t  

F i g u r e  3-5. Polar imeter  Data Display Routine 
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Table  P o s i t i o n  

Source: SRK-90 

Degree of p o l a r i z a t i o n :  50.41% 

Angle of maximum p o l a r i z a t i o n :  -46 .3"  

3 

Figure  3-6. Example of P o l a r i z a t i o n  P l o t  
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.- 

0 

3.2.4.3 Output:  The s t r i n g  d a t a  is  s t o r e d  s e q u e n t i a l l y  i n  t h e  P u l s a r  Data 

Table  (PULDT). To f ac i l i t a t e  la ter  on-l ine a n a l y s i s  of t h i s  d a t a ,  t h e  t a b l e  

format  is  1 word p e r  1 b i t  of i n p u t  as fo l lows:  ‘ 

+ 1 

Input  d a t a  s t r i n g  

011010001111100101110001011110101110 

T o t a l  l e n g t h  of t h e  P u l s a r  Data Table  is  5,000 words. 

3.2.5 P u l s a r  Data Analys is  Routine 

The P u l s a r  Data Analysis  Rout ine d e t e c t s  X-ray p u l s a t i o n s  and determines t h e  

approximate p u l s a t i o n  pe r iod .  

f i r s t  5 seconds of obse rva t ion .  

This  r o u t i n e  i s  executed a t  t h e  end of t h e  

3.2.5.1 Inpu t :  Inpu t  t o  t h i s  r o u t i n e  i s  t h e  e d i t e d  p u l s a r  mode counter  d a t a  

i n  t h e  P u l s a r  Data Table  (PULDT). 
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3.2.5.2 Process ing:  The method used t o  d e t e c t  p u l s a r s  and t o  estimate t h e i r  

fundamental  f requency is  a n  a p p l i c a t i o n  of a Cooley-Tukey type  F a s t  Four i e r  
Transform (FFT) t o  o b t a i n  a power spectrum of  t h e  de t ec t ed  x - r ad ia t ion .  The 

p u l s e  t r a i n  of u n i t y  ampli tude serves as t h e  inpu t  t o  ,.the FFT which produces 

eos ine  and s i n e  ampli tude c o e f f i c i e n t s :  

N-1 
L A = -  C Xk (cos2xrk/N) ' k-0 

- - -  C \ (sin2vrk/N) 
k=O Br 

r = 0, 1, ..., N-1 

r = 0 ,  1, ..., N-1  

t h  where A and B 

t i m e  series of N samples.  

are the r- c o e f f i c i e n t s ,  5 denotes  t h e  k t h  - sample of t h e  r r 

From t h e  cos ine  

i s  computed as 

and s i n e  ampli tude c o e f f i c i e n t s ,  a set  of power ampli tudes 

where T i s  t h e  number of t i m e  increments i n  t h e  sample and j = -&i 

The spectrum of power ampli tudes is s o r t e d  t o  i s o l a t e  t h e  f r equenc ie s  a t  which 

t h e  ampli tudes are t h e  h i g h e s t .  The 10 h i g h e s t  ampli tudes are summed and 

averaged and i f  t h e  r e s u l t i n g  va lue  is  g r e a t e r  than  "p"% of t h e  average of t h e  

sum of a l l  ampl i tudes ,  t h e  sou rce  is  considered a p u l s a r .  

must be  determined e m p i r i c a l l y  b u t  w i l l  l i k e l y  be  i n  excess  of 50%.)  The 

frequency a t  which t h e  power ampli tude is  t h e  g r e a t e s t  i s  t h e  fundamental  

frequency of t h e  X-ray source .  

(The v a l u e  of "p" 

See F igure  3-7. 

3.2.5.3 Output:  The output  of t h i s  r o u t i n e  i s  a f l a g  t o  i n d i c a t e  whether o r  

n o t  t h e  source  is i d e n t i f i e d  as a p u l s a r .  I f  the  sou rce  i s  a p u l s a r ,  t a b l e  

PA w i l l  con ta in  t h e  pe r iod  and ampli tude of t h e  predominate f r equenc ie s  of t h e  

X-ray source .  
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f o r  each r t h  set of 
Four i e r  c o e f f i c i e n t s  
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I , 
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Figure  3-7. Flow of Pu l sa r  Data Analys is  Rout ine 
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form. 

3.2.6.1 

produced 

3.2.6.2 

3.2.6.3 

3.2.6 P u l s a r  Data Display Routine 

The P u l s a r  Data Display Routine p r e s e n t s  t h e  analyzed p u l s a r  d a t a  i n  g raph ic  

Inpu t :  Inpu t  t o  t h i s  r o u t i n e  is t a b l e  PA, t h e  set of power ampli tudes 

by t h e  P u l s a r  Data Analysis  Routine.  

Process ing:  See F igu re  3-8. 

Output: For each frequency w i t h i n  t h e  spectrum, t h e  power amplitude 

i s  p l o t t e d .  

as t h e  legend t o  t h e  graph.  See F igure  3-9. 

The source  i d e n t i f i c a t i o n  and t h e  dominant frequency i s  p r i n t e d  



October 15, 1970 3-16 
System Development Corpora t ion  

’ TM-(L) -HU-033/001/00 

S t a r t  a 
E s t a b l i s h  
maximum 

g r i d  va lues  

P r i n t  source  
i d e n t i f i c a t i o  

and dominant 

F i g u r e  3-8. Flow of P u l s a r  Data Display Routine 
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0 5 10 .  1 5  2 0  25 30 35 4 0  45  50 

Frequency 

Source: SRK-90 

Dominant frequency: 4 cycles  p e r  second 

F igure  3-9. Example of Pu l sa r  Data P l o t  
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SECTION 4 .  DATA GENERATION PROGRAM SPECIFICATIONS 

T h i s  s e c t i o n  p r e s e n t s  d e t a i l e d  s p e c i f i c a t i o n s  f o r  a d a t a  genera tor  t o  s imula t e  

the ou tpu t  of the po la r ime te r  and the p u l s a r  mode counter  of the X-ray 

Polar imeter  Experiment. 

s imula ted  experiment program s p e c i f i e d  i n  Sec t ion  3. 

The ou tpu t  of t h i s  program serves as t h e  i n p u t  t o  the 

4.1  Program Tables  

Input ,  ou tpu t  and working t a b l e s  f o r  t h e  Data Generator Program are presented  

i n  t h e  fo l lowing  t a b l e :  

r 

Table N a m e  S i z e  (words) 

NAIVE (A) 3 

ITIME 1 

STEP 

BEGIN 

END 

AMAX 

DATAM 

DATAP 1 

TOT1 

' RD 

l=EQ 1 

Desc r ip t ion  

X-ray source  i d e n t i f i c a t i o n  - 
any characters up t o  18 

Observat ion t i m e  a t  each t a b l e  
p o s i t i o n  (seconds) 

Po la r ime te r  s t e p  s i z e  (degrees)  

Beginning po la r ime te r  t a b l e  
p o s i t i o n  (degrees) 

Ending po la r ime te r  t a b l e  
p o s i t  i o n  (degrees) 

Angle of maximum p o l a r i z a t i o n  
(degrees)  

Data counts  i n  p l ane  of maximum 
p o l a r i z a t i o n  (average d a t a  
counts  p e r  second) 

Data counts  i n  p l a n e  perpendicular  
t o  p l a n e  of maximum p o l a r i z a t i o n  
(average d a t a  counts  p e r  second) 

T o t a l  i n t e n s i t y  of t h e  X-ray 
source  (average d a t a  and beam 
counts  p e r  second) 

Desired average d e v i a t i o n  of 
po la r ime te r  d a t a  from t r u e  s i n e  
wave (percentage)  

P u l s a t i o n  frequency of X-ray 
source  (pulses  p e r  second) 
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Table N a m e  

AMP 
PHS 

DATA(A) 

BEAM(A) 

NOUT (A) 

4-2 

S i z e  (words) 

8 

1000 

28 

System Development Corpora t ion  
TM-(L)-HU-O33/001/00 

Desc r ip t ion  

P u l s a t i o n  peak ampli tude 

P u l s e  h e i g h t  spread  (percentages)  

Computed d a t a  counts  f o r  8 p u l s e  
h e i g h t s  

Computed beam counts  f o r  8 p u l s e  
h e i g h t s  

Temporary s t o r a g e  area f o r  1 
second of  p u l s a r  d a t a  

One second of p u l s a r  d a t a  packed 
36 b i t s lword .  

4.2 Input  

The fo l lowing  v a r i a b l e s  are i n p u t  a t  t h e  beginning of program execut ion:  

NAME 

ITIME 

STEP 

BEGIN 

END 

AMAX 
DATAM 

DATAP 

TOT1 

RD 

F E Q  
AMP 

PHS 

See Sec t ion  4 .1  f o r  d e s c r i p t i o n  of each inpu t  i t e m .  

4 .3  P rocess ing  

Process ing  func t ions  t o  gene ra t e  t h e  po la r ime te r  and p u l s a r  d a t a  is presented  i n  

f i g u r e  4-1. Sec t ions  4.3.1 and 4.3.2 p r e s e n t  t h e  equat ions  u t i l i z e d  i n  t h e  

s imula t ion  process .  

4.3.1 Po la r ime te r  Data Generat ion 

Po la r ime te r  d a t a  genera ted  by t h e  Data Generator  is a s i n u s o i d a l  f u n c t i o n  of t h e  

ang le  of  p o l a r i z a t i o n .  Data counts  f o r  1 second of observa t ion  are c a l c u l a t e d  as: 

COUNT = C + ( s i n  2 A) D 

where C is t h e  average number of counts  p e r  second: i .e.  

DATAM - DATAP 

2 C = DATAP + 

A is  t h e  a d j u s t e d  t a b l e  p o s i t i o n ;  i .e .  
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ALPHA 4- 4 5 O  - AMAX 
57.296 A =  

where ALPJU i s  t h e  t a b l e  p o s i t i o n  f o r  which d a t a  is  be ing  genera ted  and 

57.296 is t h e  conversion f a c t o r  f o r  degrees  t o  r ad ians .  

I) i s  t h e  maximum d e v i a t i o n  from t h e  average counts  p e r  second; i .e.,  

DATAM - DATAP 
2 D =  

The counts  f o r  each second of  obse rva t ion  are then  a d j u s t e d  by Monte Car lo  

methods t o  provide  a degree  of randomness as might b e  experienced i n  a n  a c t u a l  

experiment environment; i .e . ,  
7 -  

T = COUNT [(RN)(2)(RD) 4- 1 - RD] 
where RN i s  a uniformly d i s t r i b u t e d  random number between 0. and 1 .0  and 

RD is  t h e  maximum random d e v i a t i o n  de,s i red.  

The a d j u s t e d  counts  are then  d i s t r i b u t e d  t o  e i g h t  p u l s e  he igh t  b i n s  based on 

p u l s e  he igh t  spread  expressed as a percentage  of t h e  t o t a l  counts ;  i . e . ,  

DATAz = T (PHSi) 
c. 

This  process  i s  repea ted  f o r  each second of observa t ion  and t h e  r e s u l t i n g  ad jus t ed  

d a t a  counts  f o r  each p u l s e  h e i g h t  l e v e l  are summed f o r  t h e  l e n g t h  of X-ray 

obse rva t ion  s p e c i f i e d  by inpu t  v a r i a b l e  ITIME. 

B e a m  counts  are c a l c u l a t e d  as 

B = (TOTI - T)[(RN)(2)(RD) 4- 1 - RD] 

where TOTI is  t h e  t o t a l  i n t e n s i t y .  

The beam counts  are d i s t r i b u t e d  and summed t h e  same as t h e  d a t a  counts .  

4.3.2 P u l s a r  Data Generat ion 

P u l s a r  d a t a  from t h e  P u l s a r  Mode Counter is i n  b i t  s t r i n g  format where a ''1" 

i n d i c a t e s  an X- raypho tonh i t  and a "0" i n d i c a t e s  no h i t  dur ing  each mi l l i s econd  

of observa t ion .  P u l s a r  d a t a  i s  genera ted  as a s i n u s o i d a l  f u n c t i o n  of t i m e ;  i . e . ,  
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where AMP i s  a v a r i a b l e  peak ampli tude,  i i n d i c a t e s  t h e  i t h  mi l l i s econd  

of obse rva t ion  dur ing  pe r iod  P where 

P = C/FREQ) 1000. 

and RN is a uniformly d i s t r i b u t e d  random number between 0. and 1.0.  

F i s  compared a g a i n s t  a th re sho ld ,  TH, where 

TH = 1. - (TOTI/1000.) 

f o r  F > TH, Ni = 1 and f o r  F < TH, N = 0 i - 

4 . 4  Output 

Magnetic t a p e  i s  t h e  ou tpu t  media used f o r  t h e  po la r ime te r  and p u l s a r  da t a .  

Record format f o r  t h e  Simulated Po la r ime te r  Data t a p e  is  presented  i n  F igures  4.2.  

One record  i s  ou tpu t  f o r  each t a b l e  p o s i t i o n .  One f i l e  c o n s i s t s  o f  t h e  d a t a  

f o r  one X-ray source .  

The format of t h e  Simulated P u l s a r  Data t a p e  is presented  i n  F igure  4.3. Each 

record  r e p r e s e n t s  one second of X-ray obse rva t ion  and each f i l e  r e p r e s e n t s  one 

X-ray source .  
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END - BEGIN I 
STEP ::PASS = 

4-5 
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S t a r t  * 
Input  

S imul at i o n  
Var i ab le s  

e y e s  source? (7) 

C a l c u l a t e  
number of t a b l e  

p o s i t  i ons  

t a b l e  p o s i t i o  

Compute c u r r e n t  
t a b l e  p o s i t i o n  
KPOS = BEGIN + 

I - 

1 DATAM-DATAP + ( s  in 2. (BEGIN+(STEP (i-1) )+45 .-AMAX) DATAM-DATAP 
57.296 ) (  2. COUNT = DATAP + ( 2. 

F igure  4-1. Data Generator  Program 
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loop f o r  num- 
b e r  of  seconds 
of obse rva t ion  

I T = COUNT(RN)(2.)(RD) 
+(1.- RD) 

J 

I n i t i a l i z e  loop  t o  

beam counts  

Buf fe r  

Y e s  

S e t  overflow 
~~ 

bin?  c> 

4-6 
System Development Corporat ion 

TM- (L) -Hu-033/001/00 

0.;. o b s e r v a t i o  

1 Y e s  

Write d a t a  
f o r  t a b l e  
p o s i t i o n  i 

Figure  4-1. (Cont.) Data Generator  Program 
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I n i t i a l i z e  
loop f o r  8. 

DATA and BEAM 
b u f f e r s  

System Development Corporation 
4-7 TM- (L) -HU-033/001/00 

D A T A  (K) =10 2 3 

DATA(K) = 
DATA (K) -10 23 

D A T A  (K) =DATA (K) ~ - ~ - l  
L I If 

--_- 1". I=_F___ 
KBEAM(K)=8191 

KBEAM(K) = 
KBEAM(K)-8191 --- 

KBEAM(K) =BEAM(K) 

BEAM(K) = 0 i 
ou tpu t  

KDATA and 
KBEAM t a b l e s  

F igure  4-1. (Cont.) OVRFLO Subrout ine 
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Enter 7 
C a l c u l a t e  I j,r,,i 
I-- 

C a l c u l a t e  I t h re sho ld  

F = AMPD2 ( s i n ( B ) + R A N ( R ) )  

4- 8 
System Development Corporat ion 

TM- (L)-HU-033/001/00 
. .  

&<I---] E x i t  

F igu re  4-i. (Cont.) P u l s a r  Data Generat ion Subrout ine  



October 15, 1970 
.- 

4-9 

p u l s e  counter  
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Q 

& word? 

Figure  4-1. (Cont.) Pack P u l s a r  Data and Output t o  Tape Subrout ine  
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F i l e  1 
Record 1 

EOR 

Record 2 

EOF 

F i l e  
Record 1 

Word 1 
A 

Words 3-10 

Words 11-18 

System Development Corporation 
4-10 TM- (L) -HU-033/001/00 

Table p o s i t i o n  1 

Beam Counts i 
Table p o s i t i o n  2 

etc. 

Tab,e pos,tion 1 
etc. 

F i g u r e  4-2. Simulated Po la r ime te r  Data Tape Format 
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F i l e  1 

Record 1 

EOR 

Record 2 

EOF 

F i l e  2 

Record 1 

EOR 

4-11 
System Development Corpora t ion  
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1st second of obse rva t ion ,  sou rce  1 
C28 words1 

2nd second of observa t ion  

1st second of obse rva t ion ,  sou rce  2 

F igu re  4-3 .  Simulated P u l s a r  Data Tape Format 
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